AD- A 146  306  EFFECTS  OF  HALLUCINOGENIC  AGENTS  ON  NERVE  AND  MUSCLE 
(U)  CONNECTICUT  UNIV  HEALTH  CENTER  FARMINGTON  DEPT  OF 
PHARMACOLOGY  E  G  HENDERSON  31  DEC  83  ARO- 18461  5-LS 
UNCLASSIFIED  0AAG29-81 -K-0165  F/G  6/15 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BuflfAj  Of  STAN0fi»0$  -  96  3  - 


AD- A 146  306 


'  UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whan  Data  Untatad) 


ML  26 


REPORT  DOCUMENTATION  PAGE 


I.  HE  PONT  NUMBER 


j  ipc  READ  INSTRUCTIONS 

Auc: _ BEI-ORE  COMPLETINC,  KOKM 

*.  GOVT  ACCESSION  NO  J  RE  C IPI f  N  T‘s  C  AT  ALOG  NUMBE R 


! UL  •  S'L: 


1 4.  Tl  T L  t  (ond  Subtltlm) 


Effects  of  Hallucinogenic  Agents  on  Nerve  and 
Muscle 


s  type  of  report  a  perioo  covered 

Final  Report 
09/01/81  to  12/31/83 


Pf  HFOHMIMG  OHO  REPORT  NUMKi  R 


AU  T  hOH( 


Edward  G.  Henderson,  Ph.D. 


8  CONTRACT  or  grant  nUMBER<«| 

DA  AG29-81-K-0165 


-  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS  >0  PROGHAM  ELEMENT.  PROJECT.  TASK 

-  .  .  -  ,  AREA  A  WORK  UNIT  NUMBERS 

Department  of  Pharmacology 
University  of  Connecticut  Health  Center 
Farmington,  CT  06032 

I.  CONTROLLING  OFFICE  NAME  ANO  AOORESS 

U.  S.  Army  Research  Office 
Post  Office  Box  12211 
Research  Triangle  Park,  NC  27709 

i.  MONITORING  AGENCY  NAME  A  AOORCSSflf  dlUarant  (root  Conuolllng  Ottlca)  I  'S  SECURITY  CLASS,  fol  Ihla  raporl) 


12  REPORT  DATE 


NUMBER  OF  PAGES 


Unclassified 

~<Sa.  OECL  ASSI  E|  CATION/ DOWN  GRADING 
SCHEDULE 


■  •  DISTRIBUTION 


Approved  for  public  release;  distribution  uni 


17.  DISTRIBUTION  STATEMENT  (ol  tho  mbBtrmci  mnt mrod  In  Block  20,  II  dllloront  from  Roport) 


^  A 


SUPPLEMENT  ARY  NOTES 


The  view,  opinions,  and/or  findings  contained  in  this  report  are  those  of  the 
author (s )  and  should  not  be  construed  as  an  official  Department  of  the  Army 
position,  policy,  or  decision,  unless  so  designated  by  other  documentation. 


If  KEY  WOROS  (Contlnuo  on  roeoroo  mldo  it  nocooomy  mnd  idonnty  o y  oiocm  numoor) 

Ditran 

Ketamine 

Hallucinogens 


KL  A 16 TRACT  fTwiftnP  on  rororoo  it  rwcMioy  md  identity  by  block  rum  bo*) 

>  ^*The  original  problem  was  to  characterize  the  effects  of  hallucinogenes, 

J */  Ketamine  and  ditran,  on  endplate  current  (e.p.c.)  parameters  and  to  compare 
these  with  those  of  PCP.  The  model  being  used  to  establish  uniform 
characteristics  of  these  agents  at  the  neuromuscular  junction  might  be  useful 
In  understanding  hallucinogenic  drug  action  at  other  sites,  particularly  the 
brain.  Ultimately,  we  planned  to  test  methods  of  reversal  of  these  effects 
at  the  neuromuscular  junction  which  might  be  therapeutically  useful  in 


DO  « jAM*n  1473  comoM  or  •  nov  •»  is  obsolete 


UNCLA 


SECI 


Unclassified. 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWIian  Data  SntmndJ 


18461. 5-LS 

20.  ABSTRACT  CONTINUED: 

/reversing  hallucinogenic  manifestations  clinically.  In  addition,  we 
S  studied  and  characterized  the  interaction  of  several  other  classes 
of  drugs  (particularly  irreversable  acetylcholinesterase  inhibitors) 
with  the  neuromuscular  junction 


c:\r: 

I  ju.'tii'J  '  !- 


Avail  *  • 


v/1 


SECURITY  CLASSIFICATION  OF  THIS  PAGEpffian  Data  En Itnd) 


/)&>  /€<&!.  S'LS 


1.  (a)  Statement  of  the  Problem  Studied 


The  original  problem  was  to  characterize  the  effects  of  hallucinogens. 
Ketamine  and  ditran  on  endplate  current  (e.p.c.)  parameters  and  to  compare 
these  with  those  of  PCP.  The  model  being  to  establish  uniform  characteristics 
of  these  agents  at  the  neuromuscular  junction  which  might  be  useful  in  under¬ 
standing  hallucinogenic  drug  action  at  other  sites  particularly  the  brain. 
Ultimately,  we  planned  to  test  methods  of  reversal  of  these  effects  at  the 
neuromuscular  junction  which  might  be  therapeutically  useful  in  reversing 
hallucinogenic  manifestations  clinically.  In  addition,  we  studied  and 
characterized  the  interaction  of  several  other  classes  of  drugs  (particularly 
irreversable  acetylcholinesterase  inhibitors)  with  the  neuromuscular  junction. 


(b)  Summary  of  the  Most  Important  Results 

Ketamine  (10  to  100  pM)  and  ditran  (50  to  100  pM)  reduced  the  peak 
current  (Ip)  and  shortened  the  time  course  for  endplate  current  (e.p.c.)  decay 
(t)  in  transected  frog  cutaneous  pectoris  muscles.  Since  ketamine  has  a  pKa 
of  7.5,  the  block  of  e.p.c.  parameters  was  more  effective  at  pH  5.3  (more 
ionized)  than  at  pH  9.1.  Recovery  from  e.p.c.  block  by  ketamine,  ditran,  and 
phencyclidine  (PCP)  was  asymmetrical  in  that  t  recovered  more  quickly  than  did 
Ip  when  the  drugs  were  washed  from  the  bath.  Both  ketamine  and  ditran 
disrupted  the  voltage  dependence  of  t,  but  unlike  PCP,  the  relationship  between 
Ip  and  membrane  potential,  although  markedly  depressed,  was  linear  at  all 
holding  potentials.  Ketamine  and  ditran  blocked  the  binding  of  [3H]-phen- 
cyclidine  to  mlcrosacs  from  the  electric  organ  of  Torpedo  treated  with 
carbachol ;  IC50  *  6.6  x  10-6M  and  1.7  x  i0-bm,  respectively.  [3H]-PCP 
binding  reflects  drug  sites  in  the  ion  channel  of  the  mlcrosacs.  The  binding 
of  [125I]-alpha  bungarotoxin  to  the  mlcrosacs  was  only  slightly  reduced  by 
both  compounds.  Because  of  the  asymmetry  of  e.p.c.  parameters  and  the  lack  of 
interaction  with  a- bungarotoxin  binding,  it  is  suggested  that  ketamine  and 
ditran  block  closed  and  open  Ion  channels  of  the  acetylcholine  receptor  and 
that  recovery  from  block  of  closed  channels  (caused  either  by  a  direct  action 
on  closed  channels  or  a  very  slow  unblocking  rate)  proceeds  more  slowly  than 
does  the  block  of  open  channels. 


Our  initial  studies  of  the  effects  of  Irreversible  organophosphate  acetyl¬ 
cholinesterase  inhibitors  on  endplate  currents  (e.p.c.s.)  have  been  completed 
and  a  preliminary  report  has  been  published.  Three  agents  (ecothiophate,  a 
tertiary  methyl  amine  analog  and  a  tertiary  ethyl  amine  analog  -  tetram)  were 
examined  and  found  to  be  essentially  equlactive  in  the  range  1  to  100  pM.  All 
three  compunds  (1-25  pM)  decreased  the  rate  of  e.p.c.  decay  (a)  and  decreased 
the  voltage  dependence  of  a.  The  drug  reduced  a0  (the  decay  rate  at  0  mV) 
from  1.132  msec-1  ^  0.163  msecl  and  Increased  H  (reflecting  a  decrease  in 
the  voltage  dependence  of  a)  from  111.6  mV  to  756.4  mV.  The  effects  on  a  and 
H  were  slowly  reversible. 


At  higher  concentrations  (50-100  pM)  the  effects  of  ecothiophate  on  the 
absolute  magnitude  of  a  were  reduced  while  the  decrease  In  voltage  dependence 
was  the  same  as  for  lower  concentrations.  In  contrast,  the  tertiary 
methylamine  analog  caused  biphasic  e.p.c.  decay  (Vm  =  -70  to  -130  mV). 

Similar  effects  of  both  ecothiophate  and  the  tertiary  methylamine  analog  were 
observed  on  miniature  e.p.c.s  in  intact  muscle. 
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The  effects  of  higher  concentrations  (50-100  pM)  of  these  drugs  reflect 
actions  on  the  acetylchol Ine  receptor  Ionic  channel  In  addition  to  the  block 
of  acetylcholinesterase.  The  effects  of  all  concentrations  on  H  are  less 
readily  associated  with  a  direct  effect  on  the  Ionic  channel  and  may  be 
mediated  through  other  effects  of  these  agents.  In  order  to  test  the  possi¬ 
bility  that  the  effects  on  H  were  due  to  the  increased  bombardment  of  the 
receptor  with  acetylcholine,  we  decreased  transmitter  release  with  Mg++  or 
decreased  the  number  of  functional  receptors  with  a-Bungarotox1n,  both  In  the 
presence  of  the  inhibitor.  In  both  situations  the  ability  of  the  agent  to 
affect  H  was  unmodified. 

The  effects  of  hemlchol 1nium-3  (HC-3),  hemichol lnlum-15  (HC-15,  the  mono¬ 
quaternary  half  molecule  of  HC-3)  and  p-terphenyl-hemlchol 1nium-3  (TPHC-3,  an 
analogue  with  a  terphenyl  rather  than  biphenyl  nucleus)  on  en dpi  ate  currents 
(e.p.c.s)  In  transected  frog  cutaneous  pectoris  muscles  were  examined.  At 
holding  potentials  (Vm)  more  negative  than  -90  mV,  HC-3  caused  a  monotonic 
Increase  In  the  rate  of  e.p.c.  decay  (a;  Vm  =  -90  mV,  control  a  =  .61  *  .04, 

S. E.  msec"1  and  with  HC-3,  50  pM,  a  =  1.75  *  .31  msec-1).  At  less  negative 
Vm's  In  the  presence  of  HC-3,  e.p.c.  decay  was  biphasic,  the  Initial  phase 
being  faster  and  the  final  phase  slower  than  control.  At  Vm  =  -30  to  -10  mV, 
the  relative  amplitude  of  the  terminal  phase  equaled  that  of  the  Initial  fast 
phase.  At  Vm  =  *30  mV,  a  single  slow  exponential  decay  was  observed  (control 
a  =  1.77  *  .10  msec"1  and  with  50  pM  HC-3  a  =,0.60  *  .11  msec-1).  Over  the 
range  of  Vm  =  -10  to  -20  mV  a s  0.3  msec-1  and  afast  =  1.45  msec-1  were 
independent  of  Vm.  Peak  e.p.c.  amplitude  (Ip)  was  depressed  at  all  Vm's 
but  proportionally  more  depressed  at  V^'s  more  negative  than  -30  mV. 

Similar  results  were  obtained  with  miniature  e.p.c.s  in  Intact  muscles  and 
Mg  -depressed  intact  muscles.  HC-15  (50-200  pM)  caused  a  monotonic  slowing 
of  e.p.c.  decay  at  all  Vm*s  with  accentuation  of  the  normal  voltage  depen¬ 
dence  of  a.  HC-15  (100  pM)  Increased  the  voltage  dependence  (H)  of  a  from 
control  values  of  -149  *  13  mV  to  -107  *  17  mV.  Ip  was  slightly  depressed  by 
HC-15  at  all  V _'s.  All  effects  of  both  HC-3  and  HC-15  were  rapdlly  rever¬ 
sible.  TPHC  (5-100  pM)  caused  a  time  and  concentration  dependent  Increase  of 
a  and  decrease  in  Ip.  With  25  pM  TPHC-3.  not  at  a  steady  state,  a  was 
increased  and  Ip  was  depressed  at  all  Vm  s.  The  effects  of  TPHC-3  on  e.p.c. 
parameters  were  slowly  reversible  with  the  recovery  of  a  faster  than  Ip.  The 
effect  of  these  drugs  on  e.p.c.  kinetic  parameters  suggest  that  they  Interact 
in  diverse  fashions  with  the  acetylcholine  activated  ionic  channel. 

The  effects  of  hemichol in 1um-3  (HC-3)  and  HC-15  (the  monoquaternary  half¬ 
molecule  of  HC-3)  on  single  AcCho-activated  ionic  channels  In  embryonic  chick 
myotubes  were  examined.  At  the  resting  potential  (Vm  =  -40  to  -60  mV)  single 
channel  conductance  was  unaltered  by  HC-3  (25-80  pM)  but  beam  channel  open 
time  (tQ)  was  decreased  In  a  concentration  dependent  manner  [(t0(control )  = 

6.6  *  0.4  msec;  tn  (HC-3,  25  pM)  =  3.0  *  0.2  msec;  tQ  (HC-3,  50  pM)  =  1.7  * 

0.1  msec;  to  (HC-3,  80  pM)  =  1.16  *  0.08  msec)].  An  estimated  equilibrium 
dissociation  constant  (Kq)  of  the  block  of  open  channels  of  2.2  x  10-6m  was 
obtained.  When  Vm  was  set  at  *20  mV,  HC-3  (50  pM)  prolonged  tQ  from  0.7  msec 
to  3.0  msec.  In  contrast  to  HC-3  at  Vm  =  -40  to  -60  mV,  HC-15  (10  pM) 
prolonged  t0  from  6.2  *  0.3  msec  to  12.4  *  0.9  msec.  Higher  concentrations 
of  HC-15  (  50-100  pM)  Initially  prolonged  single  channel  currents  and,  within  a 
few  seconds,  caused  prolonged  bursts  of  brief  openings  and  closings,  suggesting 
open  channel  blockade.  The  Kq's  of  open  channel  block  by  HC-1'  were  37  pM 
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(Vm  =  -100  mV)  and  17  pM  (Vm  =  -50  mV)  l.e.  opposite  voltage  dependence 
than  typical  channel  blocking  agents.  These  data.  In  conjunction  with  those 
obtained  in  a  companion  study,  suggest  at  least  two  sites  of  action  of  these 
compounds  on  the  AcCho  receptor-channel  complex,  one  to  block  open  channels 
and  one  to  prolong  channel  open  time. 

Our  Initial  studies  Involving  the  examination  of  hallucinogenic  agents  on 
esterase  poisoned  endplates  have  been  completed  and  a  preliminary  report  has 
been  submitted  for  published.  In  endplates  treated  and  washed  for  several 
hours  with  the  aforementioned  irreversible  esterase  Inhibitors,  there  was  only 
a  slight  reversal  of  the  slowing  of  e.p.c.  decay  and  the  reduction  of  the 
voltage  dependence  of  a  (decay  rate  msec-1).  The  addition  of  atropine 
(10  pM,  a  concentration  having  no  effect  on  a  In  untreated  preparations)  after 
esterase  inhibition  greatly  accelerated  e.p.c.  decay  (oq  =  a  at  V  =  0  = 

0.266  msec"*,  before  and  0.652  msec"!  after  the  addition  of  atropine.  The 
Interruption  of  the  voltage  dependence  of  a  by  the  esterase  inhibition  was 
further  accentuated  by  atropine.  Likewise,  tne  effects  of  ketamine  (30  pM) 
and  phencyclidine  (PCP)  to  Increase  a  and  Interrupt  voltage  dependence  were 
greatly  accentuated  after  Irreversible  esterase  inhibition.  Other  agents 
which  prolong  e.p.c.  decay  (e.g.  ethanol)  by  a  mechanism  not  involving 
esterase  inhibition,  do  not  potentiate  the  channel  blocking  actions  of 
atropine  or  hallucinogens. 

[3H]PCP  binding  to  the  acetylcholine-receptor  channel  Is  a  reliable 
measure  of  interaction  at  a  site  or  sites  different  than  the  receptor 
recognition  site.  In  order  to  test  whether  irreversible  esterase  inhibition 
altered  the  ability  of  atropine  and  ketamine  to  interfere  with  this  binding, 
we  tested  [3h]PCP  binding  to  torpedo  mlcrosacs.  The  ICso's  for  ketamine  and 
atropine  for  block  of  [JH]PCP  binding  were  not  different  whether  the  esterase 
was  active  or  Inactive.  It  Is  suggested  from  these  studies  that  the  enhanced 
effectiveness  of  these  drugs  to  block  open  ACh  receptor  channels  is  due  to  the 
increased  frequency  of  channel  opening.  To  test  this  hypothesis,  studies  are 
currently  underway  with  purified  ACh-receptor  channels  incorporated  into 
planar  lipid  bilayers.  In  this  system,  single  ACh-activated  channel  currents 
can  be  measured  without  acetylchol inesterase  present  and  with  controlled 
levels  of  agonist. 

We  have  also  characterized  the  effects  of  agents  which  are  thought  to 
antagonize  the  central  actions  of  hallucinogenic  agents.  Tacrine  has  been 
reported  to  antagonize  some  of  the  behavioral  effects  of  these  agents.  At  low 
concentrations  (<  10  pM)  tacrine  prolongs  e.p.c.  decay  and  eliminates  the 
voltage  dependence  of  a  similar  to  the  ecothiophate  analogs  and  consistent 
with  its  ability  to  inhibit  acetylcholinesterase  reversibly.  At  higher 
concentrations  (>_  25  pM),  tacrine  causes  biphasic  e.p.c.  decay  with  holding 
potentials  (Vm)  between  -30  and  -130  mV,  with  the  fast  phase  of  decay  faster 
than  control  and  the  slow  phase  slower.  For  positive  Vm's  only  slowing  of 
e.p.c.  decay  occurred.  The  speeding  of  e.p.c.  decay  at  these  higher 
concentrations  is  indicative  of  ACh-activated  ionic  channel  blockade  and  like 
that  caused  by  217A0.  An  analogue  of  tacrine,  9-amlnoacridlne,  which  differs 
in  the  number  of  the  double  bonds  of  one  of  the  three  rings,  reverses  the 
normal  voltage  dependence  of  a.  That  is,  e.p.c. s  are  much  faster  than  control 
at  negative  Vm's  and  greatly  slowed  at  positive  Vm's.  The  reasons  for 
these  differences  are  still  to  be  determined 
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